Objective: To describe the HRCT findings of cytomegalovirus (CMV) pneumonia in non-AIDS immunocompromised patients Materials and Methods: This retrospective study involved the ten all non-AIDS immunocompromised patients with biopsy-proven CMV pneumonia and without other pulmonary infection encountered at our Medical Center between January 1997 and May 1999. HRCT scans were retrospectively analysed by two chest radiologists and decisions regarding the findings were reached by consensus.
uman cytomegalovirus (CMV), which belongs to the group of herpes viruses, is an important cause of morbidity and mortality in immunocompromised patients (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . The radiographic findings of CMV pneumonia are variable and include diffuse reticulonodular densities (2, 3, 7, 8) , diffuse haze, and dense areas of consolidation (13) (14) (15) . McGuinness et al. (9) recently described the CT appearances of CMV pneumonitis in 21 AIDS patients; the findings included ground-glass attenuation, dense consolidation, and bronchial wall thickening. In a recent report, Kang et al. (16) described the CT findings of CMV pneumonia in ten patients who had undergone transplants; their findings differed from those seen in AIDS patients and included micronodules (1-5 mm in diameter), consolidation, and-less frequently-reticulation and ground-glass opacity. In their study, however, only three patients underwent HRCT scanning.
According to our experience, however, findings of CMV infection seen on high-resolution CT scans especially in non-AIDS immunocompromised patients, were somewhat different from those of Kang et al. The aim of the present study is to describe the clinical and CT findings of CMV pneumonia in ten non-AIDS immunocompromised patients. 
MATERIALS AND METHODS
This retrospective study involved ten consecutive patients with pathologically proven CMV pneumonia but without other coexisting pulmonary infections encountered between January 1997 and May 1999. All patients (M: 6; F: 4), who ranged in age from 27 to 70 (mean, 46) years, underwent CT examination. In all cases, CMV infection was confirmed by transbronchial lung biopsy using fiberoptic bronchoscopy, and by immunohistochemical staining for CMV monoclonal antibody. All patients were immunocompromised. Seven of the ten had received organ transplants [bone marrow (n = 2), liver (n = 2), kidney (n = 2), and heart (n = 1)]. Two had diabetes and one had acute myelogenous leukemia (Table 1) .
In all patiets, high-resolution CT scanning using a HiSpeed Advantage scanner (GE Medical Systems, Milwaukee, WI) was performed throughout the thorax (1-mm collimation at 10-mm intervals; scans obtained at end inspiration). Both mediastinal (width, 400 H; level, 20 H) and lung (width, 1,500 H; level, -700 H) window images were printed. HRCT scans were analyzed by two chest radiologists and decisions regarding the findings were reached by consensus.
As seen on HRCT scans, patterns of parenchymal abnormalities were subdivided into areas of ground-glass opacity, consolidation, and small nodules (< 7 mm in diameter). The presence of septal thickening, crazy paving, air trapping, and pleural effusion was also recorded, and zonal distribution (upper/middle/lower) and laterality (unilateral vs. bilateral) of the lesions were evaluated. Consolidation on CT indicated the area of opacity with obscuration of underlying vessels. Ground-glass opacity was defined as a hazy increase in lung attenuation without obscuration of underlying vessels. Lesions were considered to be centrally distributed if located within one third of the lung from the mediastinum in transverse plane, and peripheral if located within the inner one third of the lung from the chest wall. If they did not fit either of these categories, they were regarded as random. If scattered widely they were considered to be diffuse, and if inconsistent and variable, to be patchy. Additional findings including the presence of mediastinal nodal enlargement (positive when short axis was greater than 10 mm in diameter), were also recorded.
Transbronchial lung biopsy specimens were reviewed by an experienced lung pathologist. Using a limited number of these, the findings of CT and of the pathologic findings obtained at preoperatively determined biopsy sites were correlated.
RESULTS
The most frequent CT appearance was ground-glass opacity, seen in all patients ( Fig. 1) . It was mixed with other patterns, mainly areas of small nodules (n = 9) and consolidation (n = 7). Areas of ground-glass opacity were distributed bilaterally in all patients, and were patchy in eight and diffuse in two. There was no zonal predominance (Table 2) .
Small nodules were seen in nine patients (Figs. 2, 3), being associated with ground-glass opacity in all and with consolidation in six. They were distributed bilaterally in eight patients and unilaterally in one, and in all nine were located in the centrilobular region of the secondary pulmonary lobule.
The area of consolidation, seen in seven patients, was bilateral in five (71%). The lesion was patchy and random in distribution, and was associated with ground-glass opacity in all patients and with small nodules in six of seven.
Bilateral areas of thickened interlobular septa were pre- sent in six patients (60%) (Fig. 3) . Pleural effusion was seen in six, in three of whom it was bilateral (Fig. 1) ; in four of the six, the amount of was small. Additional findings were crazy paving (2/10; 20%) ( Fig. 1) , a small amount of pericardial effusion (2/10; 20%), air trapping in the right upper and lower lobes (1/10; 10%), and cystic lesions in both upper lobes (1/10; 10%). Limited correlation between the CT findings and the pathologic findings of transbronchial lung biopsy revealed that areas of ground-glass attenuation or consolidation seen on CT scans corresponded to areas of the exudative or proliferative phase of diffuse alveolar damage consisting of interstitial fibroblastic proliferation and lymphocytic infiltration (Fig. 2B) . Type-2 pneumocyte hyperplasia, hyaline membrane formation, and intra-alveolar exudate with or without organization were associated. Histopathologically, the poorly-defined centrilobular nodules seen on HRCT represented intra-alveolar collections of macrophages, red blood cells and fibrin (Fig.  3B) . CMV-infected cells showing intra-nuclear inclusions were seen in all pathologic specimens. 
DISCUSSION
Due to its physical characteristics, CMV is considered a member of the Herpetoviridae family. One of the major biological characteristics of CMV (as with other herpes viruses) is its ability to become latent in the human host, with the potential for reactivation (6) . It is evident that in immunocompromised patients, CMV may cause severe symptomatic pulmonary disease (13, 14, (17) (18) (19) (20) (21) (22) .
It has been suggested that CMV pneumonia in allogeneic transplant recipients is caused by immune mechanisms mediated by a T-cell response to virally-induced antigens expressed in the lungs. Severe necrotizing pneumonia may occur in spite of the suppression of virus replication during antiviral therapy. AIDS patients with more profound immune deficiency than transplant recipients may be unable to initiate the immune response necessary to cause CMV pneumonia by this mechanism. In AIDS patients, lung damage may be directly due to the cytopathogenic effects of CMV, related to the extent of active virus replication (23) . These differences in the pathogenic mechanisms of pulmonary CMV infection may result in different histopathologic features between AIDS patients and transplant recipients. In transplant recipients with CMV pneumonia, necrotizing inflammation is dominant, and relatively few CMV-infected cells are revealed by histopathologic examination. In AIDS patients, there is a high density of CMV inclusion bodies, and this leads to severe symptomatic pneumonia (23) . In AIDS patients, the cytopathogenic effect of CMV may well cause diffuse alveolar damage more frequently than in non-AIDS patients.
The CT findings of CMV pneumonia are diverse and have been described without distinction between AIDS and non-AIDS patients (9, 10) . Common findings are mixed alveolar-interstitial infiltrates such as ground-glass opacity, consolidation, bronchiectasis and interstitial reticulation. McGuinness et al. (9) noted that masses or mass-like infiltrates were more frequent in AIDS patients with CMV pneumonia (12/21) than in non-AIDS patients. Kang et al. (16) reported the CT findings of CMV pneumonia in ten transplant patients in whom diagnosis was confirmed by open lung biopsy in nine and autopsy in one. In their study, parenchymal abnormalities were revealed by CT in nine of ten patients, while in one, CT scans were normal. In those nine patients, the findings were as follows: small nodules (n = 6), consolidation (n = 4), ground-glass opacity (n = 4), and irregular linear opacity (n = 1). The nodules were bilaterally and symmetrically distributed and involved all lung zones. Consolidation was prominent mostly in the lower zones, while ground-glass opacity was combined only with nodules and/or consolidation. The distribution of ground-glass opacity was not specifically mentioned.
In our study, the CT findings of CMV pneumonia in immunocompromised non-AIDS patients were somewhat different from those described by Kang et al. (16) . Bilateral patchy areas of ground-glass opacity were the commonest Korean J Radiol 1(2), June 2000 Fig. 3 . Cytomegalovirus pneumonia in a 30-year-old woman who presented with fever two months after kidney transplantation. A. High-resolution (1.0-mm collimation) CT scan obtained at level of right inferior pulmonary vein shows mixed areas of ground-glass opacity and small poorly-defined centrilobular nodules (arrows). There is associated interlobular septal thickening (arrowheads). B. Photomicrograph of transbronchial lung biopsy specimen obtained from superior segment of right lower lobe shows intra-alveolar collection of macrophages, fibrin and red blood cells (arrows) that corresponds to the centrilobular nodules seen on CT scans. There is associated alveolar wall thickening, with interstitial inflammatory cell infiltration (H & E, ×200).
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pattern, seen in all patients. These differences may be due to the fact that in our study, HRCT images were available, while Kang et al. used the conventional technique in seven and the HRCT technique in only three. In our study, poorly-defined centrilobular small nodules (90%) and areas of consolidation (70%) were also common. Kim et al. (24) recently reported the HRCT findings of CMV pneumonia in eleven immunocompromised patients. Their findings were very similar to ours and included ground-glass opacity (n = 11), consolidation (n = 7), reticular opacity (n = 10), multiple small nodules or mass (n = 6), and bronchiectasis or bronchial wall thickening (n = 5).
In cases of CMV pneumonia, pathologic examination reveals cytomegalic cells within areas of alveolar damage, the alveolar-filling process being caused by hemorrhage and fibrinous exudate. These areas may correspond to the areas of ground-glass opacity and/or consolidation seen on HRCT scans. Kang et al. (16) reported small nodules, revealed by CT seen in six of ten patients, which corresponded histopathologically to areas of inflammatory or hemorrhagic nodules or organizing pneumonia. In our study, the poorly-defined centrilobular nodules seen on HRCT scans represented histopathologically areas of intra-alveolar collection of macrophages, red blood cells, and fibrin (hemorrhagic and inflammatory nodule).
In their study of 21 AIDS patients with CMV pneumonia, McGuinness et al. (9) suggested that patterns of disease, revealed by CT closely correspond to the pathologic changes seen in CMV pneumonia. Diffuse alveolar damage, which is probably caused by the cytopathogenic effect of CMV, involves pneumocyte injury and reactive proliferation, as well as neutrophilic and fibrinous exudates, and hyaline membrane formation and hemorrhage fill the alveolar spaces. Interstitial infiltrates are comprised mainly of lymphocytes and result in alveolar wall or interlobular septal thickening. Interspersed throughout these changes there may be areas of hemorrhage, fibrin deposition, and -rarelynecrosis. These pathologic changes, depending on their severity, distribution, and relative proportions of each disease process, may result in ground-glass opacity, dense consolidation, mass-like infiltrates and irregular linear opacity on CT scans (9) .
Our investigation suffers from two limitations. First, it was retrospective. Because true CMV infection is not easily diagnosed, we might not have included all patients with pulmonary CMV infection. It may be that only patients diagnosed by means of transbronchial lung biopsy, and in whom, therefore, apparent abnormalities were revealed by CT scanning, were included. Second, because we had limited pathologic specimens, obtained only by means of transbronchial lung biopsy, pathological correlation was incomplete.
In conclusion, the most common HRCT findings of CMV pneumonia in non-AIDS immunocompromised patients are bilateral mixed areas of ground-glass opacity, poorly-defined centrilobular small nodules, and consolidation. Interlobular septal thickening and pleural effusion are frequently associated.
